From 2003 through 2009, 687 of 2885 patients (23.8%) treated for Plasmodium falciparum malaria in clinical studies in Myanmar or on the Thailand-Myanmar border had recurrent Plasmodium vivax malaria within 63 days, compared with 18 of 429 patients (4.2%) from 2010 onward (risk ratio [RR], 0.176; 95% confidence interval, .112-.278; P < .0001). Corresponding data from 42 days of follow-up revealed that 820 of 3883 patients (21.1%) had recurrent P. vivax malaria before 2010, compared with 22 of 886 (2.5%) from 2010 onward (RR, 0.117; 95% CI, .077-.177; P < .0001). This 6-fold reduction suggests a recent decline in P. vivax transmission intensity and, thus, a substantial reduction in the proportion of individuals harboring hypnozoites.
In East Asia, Plasmodium vivax malaria commonly follows Plasmodium falciparum malaria [1] [2] [3] . The incidence is much higher than predicted from the prevalence of mixed infections observed by microscopy of blood films or in caught wild anopheline mosquito vectors [4] . Furthermore, the recurrent infections occur at an interval from the initial infection that is exactly the same as the interval between the initial and first relapse of P. vivax infection [5] . This consistent observation has led to the hypothesis that people living in a P. vivax-endemic area harbor a "bank" of hypnozoites from previous inoculations that can be activated by a stimulus such as acute P. falciparum malaria [5] .
Alternative theories of the mechanism of P. vivax infection relapse after a short latency period include random activation and a clock mechanism similar to that invoked to explain a long latency period [6] . This high rate of sequential infection was of major therapeutic and public health relevance because, with current highly effective artemisinin combination treatments (ACTs), recurrent P. vivax malaria was up to 10 times more frequent than recrudescent P. falciparum malaria following acute P. falciparum malaria. From a public health standpoint, P. vivax malaria was therefore by far the main complication of P. falciparum malaria. A P. vivax recurrence rate of approximately 30% following P. falciparum malaria is strong evidence to support giving radical-cure regimens to patients with P. falciparum, as well as to those with P. vivax malaria [1-3, 7, 8] .
If the activation hypothesis [5] is correct, then the proportion of P. vivax infections that follow episodes of acute P. falciparum malaria should be a function of the preceding (rather than concurrent) P. vivax transmission intensity. This is supported by the relative rarity of the occurrence of P. vivax malaria following P. falciparum malaria reported among returned travelers from Asia who presumably received one or few infected inocula. It is also supported by the very high proportion of relapses involving genetically related parasites among infants following their first P. vivax infection, compared with the much lower proportion among their mothers, in whom, presumably, previously acquired hypnozoites had been activated [9] . It follows that if malaria transmission is reduced, the sequential infection rate should fall, too. We tested this hypothesis in studies conducted in Myanmar, mainly in the east of the country, where village health workers have received support to diagnose and treat malaria and, in some parts, mass treatments have been conducted in malaria hot spots. As a consequence, there has been a recent substantial reduction in the incidence of P. falciparum malaria. The reduction in malaria incidence was earliest at the ThailandMyanmar border [10] .
METHODS
We searched the WorldWide Antimalarial Resistance Network Clinical Trials Publication library, a compilation of antimalarial clinical efficacy trials published between 1960 and 2016, for eligible studies [9] . A search of more-recent studies was made in PubMed, using the search terms "malaria AND Myanmar" with date limits of January 2016 to 2 October 2018. Studies of antimalarial drug efficacy in patients with either uncomplicated P. falciparum malaria or mixed malaria parasite infections published since 2005 were eligible if the treatments were standard or extended doses of artesunate or an ACT and patients were followed for at least 28 days. The ACTs were artesunate-amodiaquine, artesunate-mefloquine, dihydroartemisinin-piperaquine, artesunate-pyronaridine, or artemether-lumefantrine (currently recommended first-line treatment in Myanmar). For multicenter studies that did not report P. vivax relapse numbers by site, individual-patient data were requested for the study component in Myanmar or on the Thailand-Myanmar border. Unpublished surveillance and study data collected at the Thailand-Myanmar border by the Shoklo Malaria Research Unit over this period were also assessed.
The following variables were extracted into a spreadsheet (Microsoft Excel) by 2 reviewers (E. A. A. and A. P. P.), independently: first author name; PubMed identifier; year of publication; year(s) of study; location; treatment arms; number of P. falciparum malaria cases per arm; number of mixed-parasite infections, if reported; and number of P. vivax episodes during 28, 42, and 63 days of follow-up. P. vivax malaria rates during follow-up were calculated as the number of episodes divided by the number of patients recruited, because reporting of censored patients before the end of follow-up was variable.
RESULTS
We screened 16 published trial reports. One was excluded because there was no information about P. vivax malaria. Patients were enrolled between 2003 and 2016. Data from routine surveillance (during 2010-2011) and 1 unpublished study (prematurely terminated because of low patient numbers after 76 patients had been recruited between 2013 and 2014) collected at the Thailand-Myanmar border by the Shoklo Malaria Research Unit were also included because collection of these data was performed using the same standard methods as in the published clinical trials. The duration of follow-up varied between 28 and 63 days. Studies took place in 7 different states or regions in Myanmar. More than half were at the ThailandMyanmar border (Table 1 ). The median number of patients per treatment arm was 161 (range, 37-258 patients). The majority of patients (n = 2678) were treated with artesunate-mefloquine, with the remainder treated with DHA-piperaquine (n = 1393) or artemether-lumefantrine (n = 396). In total, 4829 patients were studied.
Rates of P. vivax malaria following treatment of uncomplicated P. falciparum malaria with artesunate or ACT ranged from 0% to 52.5%. There was a marked recent reduction in the proportion of acute P. falciparum malaria cases that were soon followed by P. vivax infection ( Figure 1A ). Before 2010, there were 3883 patients with acute P. falciparum malaria in studies with at least 42 days follow-up, of whom 820 (21.1%) had recurrent malaria caused by P. vivax within this 6-week period. After 2010, of 886 patients followed for 42 days, only 22 (2.5%) had a P. vivax recurrence (risk ratio [RR], 0.117; 95% confidence interval [CI], .077-.177; P < .0001). Before 2010, 2885 patients with acute P. falciparum malaria had 63 days of follow-up, of whom 687 (23.8%) had recurrent malaria caused by P. vivax within this 9-week period. After 2010, of 429 patients followed for 63 days, only 18 (4.1%) had a P. vivax recurrence (RR, 0.176; 95% CI, .112-.278; P < .0001). In more-recent studies, fewer children were recruited. Otherwise, there were no significant differences in demographic and clinical features between patients with malaria before 2010 and those with malaria during or after 2010.
Most of the studies were conducted along the eastern border with Thailand (in Kayin State), where the SMRU widely deployed ACT via village malaria workers, in addition to insecticide-treated bed nets. From 2007 onward in this location, there was a progressive decline in P. vivax malaria recurrences following P. falciparum malaria ( Figure 1B) .
DISCUSSION
Following the change in Myanmar's national antimalarial treatment policy to ACT in 2002 and the support for largescale deployment of ACTs that followed several years later, the incidence of P. falciparum malaria declined substantially. Recrudescence rates decreased from >80% in the chloroquine era [12] to <5% with ACTs, but this has revealed a very high rate of P. vivax recurrences (presumed to be relapses) in the weeks following treatment [3] . Until recently, approximately one third of patients treated for P. falciparum malaria in Myanmar would have a recurrence of malaria within 9 weeks of treatment. In some studies, this proportion reached 50%. Similar results were reported elsewhere in the region [1, 2] . Interestingly, despite the World Health Organization's current recommendation to change treatment policy for P. falciparum malaria when recrudescence rates exceed 10%, no recommendation for radical cure with primaquine was made despite P. vivax relapse rates of >30% after P. falciparum malaria [1] [2] [3] 7] . The interval between acute P. falciparum malaria and subsequent P. vivax malaria was closely related to the elimination kinetics of the ACT partner drug and was the same as the interval between treatment of primary P. vivax malaria and relapse [1] [2] [3] 5] . Following artemether-lumefantrine treatment (which has been first-line treatment in Myanmar since 2002 and still provides high cure rates), the sequential P. vivax infections usually occurred within 6 weeks after the acute P. falciparum malaria episode, whereas the majority of sequential P. vivax infections after artesunate-mefloquine and dihydroartemisinin-piperaquine therapy occurred 6-9 weeks afterward [1-3, 5, 7] . P. vivax relapse following P. falciparum malaria was therefore the principal complication of P. falciparum malaria. It was a major cause of morbidity and an important contributor to the overall incidence of P. vivax malaria, particularly in adults, and to its transmission.
In this review of almost 5000 prospectively studied patients, approximately one quarter of patients who presented with acute P. falciparum malaria before 2010 and were treated with a highly effective ACT had subsequent P. vivax malaria within 9 weeks. In studies conducted in early 2009, over half of 162 patients treated with artemether-lumefantrine for P. falciparum malaria had P. vivax recurrences, yet in recent studies with this drug this proportion has not exceeded 4%. Overall, there was an approximately 6-fold reduction in the proportion of patients with acute P. falciparum malaria who experienced recurrent P. vivax malaria during and after 2010, compared with the proportion before 2010. These studies emphasize the importance of adequate follow-up to capture P. vivax recurrences when slowly eliminated antimalarial drugs are used. This is particularly important when comparing drugs with different elimination kinetics, such as artemether-lumefantrine and dihydroartemisinin-piperaquine. A 6-week follow-up period captures most of the recurrences following artemether-lumefantrine treatment but less than half of those that follow dihydroartemisinin-piperaquine therapy. Overall, half of P. vivax recurrences occurred between 6 and 9 weeks after P. falciparum malaria treatment. Indeed, 9 weeks of follow-up may be insufficient to capture all relapses, particularly after slowly eliminated treatments (ie, those containing piperaquine and mefloquine).
The remarkable recent substantial reduction in sequential infections in Myanmar presumably reflects a recent decline in P. vivax transmission. This is most likely explained by a reduction in the hypnozoite "bank" resulting from fewer infected inocula due to improved malaria control. It is not a result of a relative reduction in P. vivax transmission as compared to P. falciparum transmission, because reductions in P. vivax transmission usually lag slightly behind those of P. falciparum transmission. Indeed, the ratio of P. vivax to P. falciparum in both symptomatic and asymptomatic infections has increased. Radical cure with 8-aminoquinolines is an essential component of P. vivax malaria treatment, providing benefits to individuals and, in a low-level transmission setting, communities. Radical treatment with primaquine is part of national antimalarial treatment policy in Myanmar, but the proportion of all patients who receive this and take a full course is uncertain, so the contribution of primaquine to the reduction in population hypnozoite carriage and, thus, the dramatic decreases in recurrent P. vivax malaria following P. falciparum malaria is unclear.
Limitations of this analysis include the smaller sample size in the recent period (reflecting fewer cases) and the reliance on aggregate data. P. vivax malaria transmission is geographically heterogeneous, although some of the studies reported before and after the marked reduction in sequential P. vivax malaria were conducted in the same area. It is likely that, in areas where malaria control has not improved, there would still be high rates of P. vivax following P. falciparum malaria. In a previous analysis, the risk factors identified for P. vivax recurrence following P. falciparum malaria were mixed infection at enrollment, male sex, younger age, lower hematocrit, higher asexual P. falciparum parasite density, and P. falciparum gametocytemia on presentation [2] . Age may be a significant confounder in this overview, with more-recent studies enrolling a higher proportion of adults. ACTs with a longer-acting partner drug (eg, mefloquine and piperaquine) were also protective against relapse before 63 days. Nearly half the studies did not follow patients for >6 weeks. As described above, this leads to a substantial underestimation of what was previously the main complication of P. falciparum malaria in this region, namely recurrent P. vivax infection. Nevertheless, failure to control for these factors is unlikely to account for the substantial (>85%) decrease in relapse numbers observed here, for which the most plausible explanation is a reduction in P. vivax transmission intensity.
Overall, these findings illustrate the epidemiological usefulness of recording sequential P. vivax following P. falciparum malaria as a measure of transmission and emphasize the benefits of improved malaria control. Whereas there was a good case previously for a unified treatment policy providing a radical curative regimen for both P. vivax and P. falciparum malaria, this is no longer justified in areas where transmission has been reduced substantially. Figure 1 . A, Proportions of acute Plasmodium falciparum malaria episodes that were followed by Plasmodium vivax malaria within 9 weeks in each study, by treatment. Studies of artemether-lumefantrine (AL) and artesunate-pyronaridine (AsPyr) with 6 weeks of follow-up and of artesunate monotherapy (As) with 4 weeks follow-up are also included. Studies of dihydroartemisinin-piperaquine (DP) and artesunate-mefloquine (AsMq) with <9 weeks of follow-up were excluded because shorter durations of follow-up (typically ≤ 6 weeks) with these slowly eliminated drugs miss a substantial proportion of relapses. B, Proportions of acute P. falciparum malaria episodes that were followed by P. vivax malaria within 9 weeks in each study, by location (ie, Myanmar-Thailand border vs elsewhere in Myanmar). AsAq, artesunate-amodiaquine.
